A computational and experimental approach based on a natural vibration of a free prismatic thick beam with square cross-section is suggested. Three variants of the beam sample were used (one with skin and two without skin). From 12 to 16 lowest resonant frequencies of longitudinal, torsional and flexural vibration of each beam were analyzed. A rule for dependence of Young's modulus on the average foam density was derived from the sample without skin. It is shown that the skin presence causes known anisotropy that the stiffness in transverse direction is about 50% greater than that in the longitudinal direction. It has also been shown that the seeming frequency dependence of the Young's module can be explained by non-uniform distribution of mass density in the sample. Agreement among experimental and numerical data is excellent in most cases. The rule is also verified on solution of two lowest resonant frequencies of the free foam plates with various mass densities (from 400 to 1350 kg/m 3 ). Agreement among experimental and numerical frequencies is acceptable.
Introduction
One from important factors influencing the expansion of the usage of the aluminium foam in the technical praxis is unquestionably the ability for sufficiently reliably prediction of the behavior of foamed component parts in the operating mode. Besides undisputable interesting properties of this perspective material, is also well known, that the modelling of the response of the metal foam with closed cells on the mechanical forcing is very difficult. Analytical approaches known from courses of the technical (or advanced) mechanics are usable only for few simplest constructional shapes. From several numerical methods the finite element method (FEM) was mostly expanded in this field, see Fig. 1 for an illustration. It is consequence not only of the possibility of modelling complicated shapes and complicated boundary conditions, but also the possibility of the considering various material properties in various positions inside the foam bodies. Reliability of the modelling by the FEM strongly depends on the input data accuracy, including also material constants. For simpler types of forcing and shapes of component parts also approaches based on estimations of moments of inertia are sufficient alternative with respect to finite methods [4] [5] [6] .
Therefore the aim of this paper is the suggestion and the verification of a reliable approach for the stating Young's modulus in dependence on the foam density. This basic material characteristic is determined from natural vibration of rectangular sample of the foam. Measurements were performed on 3 variants of the sample, see the Table 1 • Left -for the excitation of flexural mode shapes, only.
• Right -asymmetric (diagonal set up) for simultaneous excitation of torsion and bending shapes.
Down -The frequency response functions (FRP)
• Full line -FRP of flexural vibration, only.
• Dashed line -FRP of simultaneous torsional and flexural vibration. 
which was used for the estimation of Young's modulus for described beam with the skin in 
which gives less estimation of the Young's modulus for the same mass density ρ … Fleck, Ashby and co-workers suggested in [3] another equation
where E 0 and ρ 0 are constants of the pure aluminium. Hence 
In that case for the unequivocal derivation of the function ) = ρ
( E E will suffice reliably stated Young's modulus only for one value of the foam density ) (
. Needed coefficients a and b by solution of an equation
From the basic course of the strength theory for the case of linear, isotropic and elastic material is known a relation
where G is the shear modulus and ν is the Poisson's ratio. Then holds The shear modules from resonant frequencies of torsional mode shapes were calculated by the relation (A-4) (see Appendix). Resonant frequencies of longitudinal mode shapes by analytical relation (A-1) do not depend on the Poisson's ratio ν. Based on 3D FE modeling this experience was verified and negligible influence was finded in the study [1] . Carefully we Ashby et al., in their monographs [9] , indicate the range of Poisson's number from 0.31 to 0.34 for all commercial aluminium foams. Therefore, we have decided to use the value for pure aluminum ν=0.32, which is almost at the center of the mentioned interval. Therefore it is probable that more realistic will be coefficients obtained from frequencies which correspond with all measured resonant frequencies. 
b) E 1,b = 3.028 GPa -average value of Young's modules calculated from all measured resonant frequencies
where E 0 and ρ 0 are constants of the pure aluminium. 
Graphical interpretations of relations (1a), (10-12) are in Fig. 9 . Table   3 . It should be noted that all measured frequencies of bending oscillation are split here, but the maximum difference between two split frequencies is about 5%. All here used FEM models consisted from quadratic 3D finite elements of serendipity type. Used anisotropic model was composed from five isotropic regions depicted in Fig. 8 . For the density values from the figure, Young's modules were calculated according to Equation (11), see also solid line in Fig. 10 . The average error value 2.4 % indicates that this model provided the best results. A similar situation also occurred with a higher density sample, see Table 4 . 
Verification of the approach on experimental results of the beam with skin
It can be assumed, that the skin of the foam sample is also the foam, but with much higher density. Therefore, for next verification of derived relations E=E(ρ), the results from the experiment of the beam with the skin need be used. Results are in the Table 5 . All here used FEM models consisted from quadratic 3D finite elements of serendipity type.
In the classical approach (without separate model of the skin), for the average mass density ρ = 576 kg/m 3 the Young's modulus E c = 6.83 GPa by the eqn. (12) was estimated. anisotropic FEM model, see two last columns in Table 5 . One interesting experience is founded from three presented sets of experimental results (see Tables 5, 4 and 3) . It is evident from the Table 6 , that for the beam with the skin was Table 5) the difference decreased to 11 %. Table 6 Foam anisotropy properties of three variants of considered sample It follows that in the case of here-considered sample this strong anisotropy effect was caused above all by the existence of the skin on the sample. Another significant factor was the non-uniform distribution of density in tested sample.
Conformity of numerical calculations with experimental data (see Tables 3, 4 and 5) is limited by the fact that bending frequencies have been split. This could be improved by considering of so-called bimodular behaviour in transverse directions. It is possible to simulate this by using a different distribution of density in transversal directions. However, this improvement is not the subject of this publication.
Verification of the approach on the Tobolka -Kováčik's plates
Here proposed rule to determine the Young's modulus from average foam density (11) we have also tested on the task with a larger range of foam density values. Considered plate [2] has dimensions 137 x 137 x 8 mm and for Young's modulus determination was there used the Leissa's relationship [10] . Note that due to the apparent frequency dependence of the module, there were determined 2 different equations to determine the modulus of elasticity in [2] , see (1a) and (1b). Flexural vibration -Euler-Bernoulli's theory [8] ( cosh  cos  sinh  sin  2   2  2  2  2  2  2   2  2  2  2  2  2 It should be noted, that described relations hold for considered configurations of the beam.
For the other parameters these can be more complicated.
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